In a recent study of z ≥ 0.1 active galactic nuclei (AGN), we found that 21-cm absorption has never been detected in objects in which the ultra-violet luminosity exceeds L UV ∼ 10 23 W Hz −1 . In this paper, we further explore the implications that this has for the currently popular consensus that it is the orientation of the circumnuclear obscuring torus, invoked by unified schemes of AGN, which determines whether absorption is present along our sight-line. The fact that at L UV < ∼ 10 23 W Hz −1 , both type-1 and type-2 objects exhibit a 50% probability of detection, suggests that this is not the case and that the bias against detection of H i absorption in type-1 objects is due purely to the inclusion of the L UV 10 23 W Hz −1 sources. Similarly, the ultra-violet luminosities can also explain why the presence of 21-cm absorption shows a preference for radio galaxies over quasars and the higher detection rate in compact sources, such as CSS or GPS sources, may also be biased by the inclusion of high-luminosity sources. Being comprised of all 21-cm searched sources at z ≥ 0.1, this is a necessarily heterogeneous sample, the constituents of which have been observed by various instruments. By this same token, however, the dependence on the UV luminosity may be an all encompassing effect, superseding the unified schemes model, although there is the possibility that the exclusive 21-cm non-detections at high UV luminosities could be caused by a bias towards gas-poor ellipticals. Additionally, the high UV fluxes could be sufficiently exciting/ionising the H i above 21-cm detection thresholds, although the extent to which this is related to the neutral gas deficit in ellipticals is currently unclear.
INTRODUCTION
Redshifted observations of the 21-cm spin-flip transition of neutral hydrogen (H i) trace the cool component of the gas in distant galaxies. Since the surface brightness has a (1+z) 4 dependence, the detection of the 21-cm in emission is very difficult at redshifts of z ≥ 0.1, and so the neutral gas in distant active galactic nuclei (AGN) is usually studied in absorption. Furthermore, since most published searches 1 have been at redshifts of z < ∼ 1, there are generally no observations of the Lyman-α transition, which is redshifted into the optical bands at z ≥ 1.7. Therefore, to date 21-cm absorption has been the most common probe of the neutral gas in the galaxies host to AGN, being detected in approximately 40% of z > ∼ 0.1 cases (see Curran et al. 2008c) .
In order to explain the detection rate, many studies invoke unified schemes of active galactic nuclei, which attempt to unify the many classes of luminous extraElectronic address: sjc@phys.unsw.edu.au 1 Prior to the z ∼ 3 survey of Curran et al. (2008c) .
galactic object, a key element of which is the presence of a torus of highly obscuring circumnuclear material: In these schemes, the appearance of the object is dependent upon the orientation of this material along our line-of-sight to the nucleus (Osterbrock 1978; Antonucci & Miller 1985; Miller & Goodrich 1987; Antonucci 1993; Urry & Padovani 1995) , with the popular consensus being that only type-2 objects present a dense column of intervening gas, which can absorb in 21-cm (see Jaffe & McNamara 1994; Conway & Blanco 1995, figure 2 of Curran et al. 2008b ). Other observational examples of this include:
1. From a survey for 21-cm absorption in 23 radio galaxies, Morganti et al. (2001) find that of the five detections, four occur in sources which could be considered type-2 objects, whereas there is only one detected case for a type-1 object.
2. From a study of 49 gigahertz peaked spectrum (GPS) and compact steep spectrum (CSS) sources, Pihlström et al. (2003) find that 21-cm absorption is more likely to arise in objects classified as galaxies, rather than in quasars. Since the former are generally considered to be type-2 objects, while latter are type-1 objects, this is consistent with the orientation of the central obscuration playing a major rôle in producing strong 21-cm absorption along our sight-line.
3. Also, from a study of 27 GPSs and CSSs, Gupta et al. (2006) find that 21-cm absorption is twice as likely to be detected in the galaxies than in the quasars of the sample, again suggesting that the absorption occurs in the dense sub-parsec torus.
4. From a sample of 23 galaxies and 9 quasars, Gupta & Saikia (2006b) find that 15 of the galaxies exhibit 21-cm absorption, compared to just a single case for the quasars. Like Pihlström et al. (2003) , this is consistent with unified schemes, where galaxies are host to edge-on obscurations, whereas quasars have their tori oriented more faceon.
However, the situation may be more complex than this with evidence that 21-cm absorption may also be due to in-falling gas or outflows (e.g. Vermeulen et al. 2003; Morganti et al. 2005b Morganti et al. , 2007 , and if these are directed along the radio jet axis, we would expect outflows of neutral gas to render absorption detectable towards type-1 sources. Whether due to an outflow or the presence of an intervening circumnuclear obscuration, these scenarios are consistent with unified schemes of AGN, playing a major rôle in whether H i 21-cm absorption is detected.
Therefore, from these possibilities in addition to absorption by the large reservoir of neutral gas in the galactic disk, we may expect a high 21-cm detection rate in distant radio galaxies and quasars. However, from a recent survey of the host galaxies of z ≥ 2.9 quasars, Curran et al. (2008c) found no evidence of absorption in any of the ten sources searched. Upon an analysis of the spectral types of the targets, as well as those of all the other z ≥ 0.1 published searches, they found the nondetections all to be type-1 objects, as are many of the lower redshift non-detections (see Fig. 1 ). Superficially, this suggests that the orientation of the circumnuclear obscuration may be key in the detection of 21-cm absorption, although there may also be other effects at play, the evidence for which we discuss in this paper.
FACTORS AFFECTING THE 21-CM DETECTION RATE
2.1. Luminosities 2.1.1. Ultra-violet luminosity As stated above, at redshifts of z > ∼ 3 Curran et al. (2008c) detected no 21-cm absorption down to sensitivities sufficient for most of the current detections, N HI < ∼
10
18 . (T s /f ) cm −2 per channel (Tables 1 & 2 , where we include the z ≥ 0.1 searches which were previously missed 2 ). From an analysis of the optical photometry, the target absorption systems of Curran et al. (2008c) 2 We have added the z ≥ 0.1 detections 1549-79 & 3C 433 and the z ≥ 0.1 non-detections 0035-024, 0723-008, 1356+022 & 1615+028, where the photometry and AGN type have been obtained/determined from Allen et al. (1982) ; Wall & Peacock (1985) ; Lipovetsky et al. (1988) ; Smith & Heckman (1989) ; are found to be located in quasars with high ultra-violet (λ ≈ 1216Å) luminosities (L UV > ∼ 10 23 W Hz −1 , Fig.1 ) 3 , which suggests that the gas may have a significant ionisation fraction in all of these sources. In light of this, the large non-detection rate at high redshift is perhaps expected due to the flux limited nature of optical surveys, which selects only the most UV bright objects at these distances. Note, however, that this effect is also apparent for previously searched lower redshift (z < ∼ 1) sources, a trait which was previously unknown.
In order to determine the significance of this UV segregation, in Table 3 we summarise the binomial probabilities of the observed distributions occuring by chance, given that a 21-cm detection and non-detection are equally probable at a given UV luminosity. From this, we see that below each UV luminosity cut-off there is no bias, with the likelihood of a detection staying close to 50%. On the other hand, above the cut-off the probabilities of the observed distributions resulting from an unbiased sample are small, dropping dramatically at L UV > 10 23 W Hz −1 . Since all luminosities above the cut-off are included, the most luminous sources could well dominate the upper partitions in Table 3 , which does appear to be evident from the vertical histogram of Fig. 1 . As is also illustrated by the histogram, above L UV > ∼ 10 20 W Hz −1 the number of non-detections outweighs the number of detections in each bin, which may suggest that at all values the ultra-violet luminosity introduces a bias against 21-cm absorption. However, this could also be explained by other effects which could make non-detections more numerous, e.g. a larger proportion of type-1 objects (presuming that unified schemes were key in determining whether 21-cm absorption could be detected, see below). What is clear, however, is that 21-cm has yet to be detected at L UV > 10 23 W Hz
and that the probability of this distribution occuring by chance is very small (Table 3) . A quantitative estimate of the critical UV luminosity may be obtained by examining the detection proportions above and below certain values of L UV . We define the statistic
wherep 1 = X 1 /N 1 andp 2 = X 2 /N 2 are the two measured proportions andp = (X 1 + X 2 )/(N 1 + N 2 ) is the total proportion. This has the standard normal distribution under the null hypothesis that the proportions (p 1 andp 2 ) are the same, i.e. that the UV luminosity does not affect the 21-cm detection rate. Testing the statistic in steps of ∆ log 10 L UV = 0.1, we reject the null hypothesis for all UV luminosities of log 10 L UV ≥ 22.5, where the difference between the two proportions is significant at ≥ 3σ (Fig. 2, left) . Additionally, as found above, the sources below the L UV cut-off always exhibit a ≈ 50% detection rate (Table 3) , which is the natural rate in the absence of high UV luminosities.
2.1.2. Radio luminosity Drinkwater et al. (1997) ; Francis et al. (2000) ; Tadhunter et al. (2002) ; Buchanan et al. (2006) ; Skrutskie et al. (2006); Adelman-McCarthy et al. (2008) .
3 Throughout this paper we use H 0 = 71 km s −1 Mpc −1 , Ωmatter = 0.27 and Ω Λ = 0.73. Note. -references in the penultimate column (3C 190 = 0758+143, 4C 12.50 = 1345+12, 3C 433 = 2121+24, 3C 452 = J2245+3941). The references for the magnitudes and AGN types are given in Curran et al. (2008c) [see also footnote 2]. The 1216Å luminosities and AGN types are calculated and determined as described in Curran et al. (2008c) and the final four columns give the H i column density, radio ID (see notes) and the 21-cm search (spe.) & high resolution radio imaging (where available, con.) references. BLRG -broad line radio galaxy, CFS -compact flat spectrum, CSO -compact symmetric object, CSS -compact steep spectrum source, EORG -end-on radio galaxy, EORQ -end-on radio, quasar, FRI -Fanaroff Riley type-1/BL Lac object, FRII -Fanaroff Riley type-2, FSRQ -flat-spectrum radio quasar, FSRQ -flat spectrum radio source, FSSO -flat-spectrum symmetric object, HFP -high frequency peaker galaxy, NLRG -narrow-line radio galaxy, OHM-OH megamaser, RG -radio galaxy, RQ -radio quasar.
References. A85 -Antonucci & Ulvestad (1985) , W85 -Whyborn et al. (1985) , G88 -Giovannini et al. (1988 ), P88 -Pearson & Readhead (1988 ), F89 -Fanti et al. (1989 ), S89a -Spencer et al. (1989 ), S89b -Stanghellini et al. (1999 , B90 -Baum et al. (1990) , S90 -Strom et al. (1990) , A91 -Akujor et al. (1991 ), V92 -van Breugel et al. (1992 , M93 -Murphy et al. (1993) , T94 - (Taylor et al. 1994 ), A95 -Akujor & Garrington (1995) , D95 -Dallacasa et al. (1995) , N95 -Neff et al. (1995) , P95 -Polatidis et al. (1995) , S95a -Saikia et al. (1995) , S95b -Sanghera et al. (1995) , X95 -Xu et al. (1995) , B96 -Bondi et al. (1996 ), F96 -Fey et al. (1996 , P96 -Perlman et al. (1996) , T96 -Taylor et al. (1996a) , T97 -Taylor & Vermeulen (1997) , B98 -Bondi et al. (1998 ), L98 -Lüdke et al. (1998 ), S98 -Saikia & Kulkarni (1998 , O98 -Owsianik et al. (1998) Note. -k is the number of 21-cm detections below/above the partition and n is the total number of sources in the same region, "rate" expresses this as a percentage detection rate, P (≤ k/n) is the binomial probability of this number of detections or less occuring by chance for an unbiased sample and S(≤ k/n) is the significance of this (derived assuming Gaussian statistics).
Since, in the optically thin regime, the column density of the neutral gas is related to the 21-cm absorption strength via N HI ∝ (T s /f ). τ dv, where T s is the spin temperature of the absorbing gas and f the covering factor of the background flux, a possible cause of the nondetections at high redshift could be elevated spin temperatures, a trait which may have been observed in intervening absorption systems (Kanekar & Chengalur 2003) . However, for these, the mean value at z abs > ∼ 1 may only be double that at z abs < ∼ 1 (T spin /f = 2400 K, cf. 1200 K, Curran et al. 2010 ), a factor which can be accounted for by the different line-of-sight geometry effects, introduced by a flat expanding Universe . This could negate the need for significantly higher spin temperatures in order to explain the lower incidence of detections at high redshift.
In the case of associated absorption, with z abs ≈ z em the same geometry effects cannot be responsible for such a discrepancy between the low and high redshift samples, although the generally higher radio luminosities of the latter could be raising the spin temperature through a high population of the upper hyperfine level. We have already suggested that the more intense ultra-violet fluxes could be responsible for the deficit in detections at high redshift (Sect. 2.1.1), which could be causing large ionisation fractions and/or a raising of the spin temperature (Field 1959; Bahcall & Ekers 1969) and so in Fig. 3 we show the ultra-violet luminosity (sourceframe λ ≈ 1216Å) versus that of the radio (source-frame λ ≈ 21 cm). There is a strong apparent correlation between the two luminosities (5.27σ), with a large dispersion, particularly in the UV luminosity. Any relationship will, however, be largely driven by both quantities having a strong redshift dependence. However, we are not sensitive to sources in the bottom right corner, where the optical flux is too low to obtain a redshift (all sources in this sample are identified as having associated absorption). Also, while all of the 21-cm detections are limited to L UV < ∼ 10 23 W Hz −1 , they do cover the same range of radio luminosities as the non-detections, thus suggesting that these are not so critical in the detection of 21-cm absorption. As a check, we apply Equ. 1 to the radio luminosities and find no significant relationship between the detection rate and the radio continuum luminosity (Fig. 2, right) . This is in contrast to the same statistic applied to the ultraviolet luminosities and so it appears unlikely that the radio power is the dominant effect in raising the spin temperature of the gas above the detection thresholds.
2.2. Source structure and environment 2.2.1. Host galaxy environments In considering the presence or otherwise of absorbing neutral gas, one needs to consider the wider picture of the quasar host galaxy and its environment. A great deal is known about the host galaxies of luminous AGN at low redshift. Imaging studies, particularly with HST, of z < ∼ 0.4 quasars (Taylor et al. 1996b; Bahcall et al. 1997; Dunlop et al. 2003; Floyd et al. 2004) , indicate that early-type or spheroidal hosts are much more likely for high-luminosity quasars, and that almost all luminous radio-loud quasars and radio galaxies are to be found in elliptical galaxies.
Studies at higher redshift, often with ground-based adaptive optics (Hutchings et al. 1999; Kukula et al. 2001; Ridgway et al. 2001; Peng et al. 2006) show a slightly more complex picture. The luminous quasars tend to follow the same trend, with elliptical/early-type hosts predominant, although it is more difficult to gain a confident picture of the host morphology at these redshifts. Using gravitationally-lensed quasars can provide some extra resolution, from which Peng et al. (2006) find that quasar hosts at 1 < z < 4.5 span a range of morphologies from early-type to disky/late-type galaxies.
Determining the expected H i content of typical quasar host galaxies is difficult, as 21-cm absorption is often the only way to probe the neutral gas at such redshifts. For low redshifts, 21-cm emission studies are possible with much being gleaned from blind surveys: The HIPASS survey had detection rates of 6% for RC3 ellipticals and 13% for S0s 4 and from the AL-FALFA survey, di Serego Alighieri et al. (2007) detected H i in just 2-3% of bright early-type galaxies in the Virgo cluster, with only one of these (M86, an S0) having
22 W Hz −1 ). Grossi et al. (2009) , however, examined early-type galaxies in low-density environments, and found a higher detection fraction of H i emission for the more luminous objects, although neither of the two ellipticals with M B < −20 were detected.
Targeted searches with interferometers Morganti et al. 2006; Nyland et al. 2009 ) show different results. The detection fraction tends to be much larger than in the blind surveys, with a mix of ordered, relaxed disks and more complex interacting systems seen. However, these have mostly been limited to fairly local galaxies, although a small number of more powerful (yet still nearby compared to our sample, z < 0.03) radio galaxies have been observed to have H i disks as well as tails, resulting from an interaction, which often coincide with H i absorption. One such example is NGC612 (Emonts et al. 2008) , an S0 galaxy with a large neutral disk of gas, likely originating in an interaction or merger. However, hosts luminous AGN are very rare in the local universe, making a clear understanding of the H i properties elusive.
The above can provide qualitative description of why we see the cut-off in the absorption distribution at high luminosities, where the the hosts tend to be the larger elliptical galaxies. For instance, the lowredshift luminous AGN imaged by the HST all have elliptical hosts (Bahcall et al. 1997; Dunlop et al. 2003; Floyd et al. 2004) 23 W Hz −1 sources of our sample, of the five imaged, two have resolved host galaxies both of which are ellipticals (J1540+1447; Urry et al. 2000 Dunlop et al. 2003) 5 . To summarise, at lower luminosities the observed morphological mix could present a range of H i column densities, whereas at higher luminosities the hosts are expected to be gas-poor ellipticals, resulting in a lack of 21-cm absorption. This could give a mix of 21-cm detections at low redshift and exclusive non-detections at high redshift (Fig. 1) . However, the bulk of the z ≥ 0.1 sample has not been observed with a resolution sufficient to determine the host galaxy morphologies, so that, while we do have a good understanding of how the 21-cm detections are distributed with L UV , how these are distributed with morphology for this sample is at present undetermined.
Radio source sizes
In addition to any possible evolution in the host galaxy environments, selection effects may arise from the large range of beam sizes and radio source sizes over what constitutes a heterogeneous sample (all radio sources at z ≥ 0.1 searched for 21-cm absorption). For example, a 10 ′′ diameter beam (a typical lower value for the GMRT at 90-cm, Curran et al. 2008c ) covers a linear extent of 18 kpc at z = 0.1, ≈ 86 kpc (the maximum) at z = 1.6 and 63 kpc at z = 5.2. That is, the area subtended by a given telescope beam can vary by a factor of ≈ 20 due to the redshift range alone, an effect which is compounded by the published searches being performed with numerous instruments/configurations, each with its own beam size. This can, in principle, affect the sensitivity to 21-cm absorption. For instance, absorption can be missed in near-by Seyfert galaxies by lower resolution observations, while being revealed on VLBA/MERLIN scales (e.g. Mundell et al. 2003) .
Therefore, the radio source sizes and the bias these may have on the effective coverage of the background emission must be considered. This, however, is fraught with uncertainties as the heterogeneity of the sample combined with the very different scales probed, will contribute to diluting out any strong trends in the linear extents of the sources. Further compounding this is the fact that the radio emission can exhibit very different structure at different frequencies and, although the sizes used are from the nearest available frequencies,VLBI and VLBA continuum observations are typically at > ∼ 2 GHz, significantly higher than that of the redshifted 21-cm line. The only way to fully address this would be through dedicated mapping of the 21-cm absorption (e.g. Lane et al. 2000; Mundell et al. 2003) , although the available VLBA bands would only allow this at redshifts of 1.27 ≤ z ≤ 1.38 and 3.15 ≤ z ≤ 3.55, thus covering only six of the sample (all of which are non-detections in any case).
Nevertheless, applying these source sizes, in Fig. 4 we see the same "column density" (actually the velocity integrated optical depth)-linear size anti-correlation reported for the GPS and CSS sources by Pihlström et al. (2003) ; Gupta et al. (2006) : A Kendall's τ -test on the detections gives a two-sided probability P (τ ) = 1.82 × 10 −5 of the correlation arising by chance, which is significant at 4.28σ assuming Gaussian statistics. Including the 21-cm non-detections, through the asurv survival analysis package (Isobe et al. 1986) , decreases this to P (τ ) = 0.017 (2.39σ). If we consider just the GPS and CSS sources 6 , we obtain P (τ ) = 0.006 (2.75σ), which nonetheless indicates that the inclusion of the non-detections significantly worsens the correlation. This suggests that the 21-cm non-detections may be subject to an additional effect. This could be due to smaller absorption cross-sections further reducing the covering factor, generally higher spin temperatures and/or lower neutral hydrogen column densities, all of which could be due to both orientation and UV luminosity effects.
Although the decrease in the "column density" is most likely due to a decrease in the covering factor with increasing with linear extent, there is also the possibility that the 21-cm absorption towards the larger sources is more susceptible to dilution by the extended 21-cm emission. However, in spite of the four orders of magnitude span in size, we find no significant difference in the detection rates between the smaller (< 1 kpc, 16 out of 42) and the larger (≥ 1 kpc, 11 out of 36) sources (Fig. 4) , indicating that this is not a strong effect. sources are type-1 objects and therefore the gas may only necessarily be ionised along our line-of-sight, which is direct to the AGN. To examine this question, we make use of the spectral classifications obtained by Curran et al. (2008c) . These were compiled by exhaustively searching the literature for published emission-line fluxes or spectra. Sources with broad permitted lines were classified as type-1 and those with only narrow lines as type-2. Our classifications generally agree with those of Vermeulen et al. (2003) , except for 2316+0405 which we assign as type-2 (Miller 1981) , although Vermeulen et al. (2003) have this classified as a broad line radio galaxy. Using these classifications, it is apparent that all the high UV luminosity sources are indeed type-1 (Fig.1) . However, they appear to be distinct from the population of lower UV luminous type-1 objects, some of which have been detected in 21-cm absorption at, somewhat surprisingly, the same detection rate (50%) as for the type-2 objects. That is, the overall bias towards type-1 nondetections is caused by the inclusion of the L UV > ∼ 10
23
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−1 non-detections. Therefore, the ultra-violet luminosity of the object appears to have much more bearing on whether 21-cm absorption can be detected and, at moderate UV luminosities, the AGN type provides no indicator of whether a high column of cold neutral gas is likely to intercept our sight-line.
Nevertheless, as has been noted in the literature (e.g. Pihlström et al. 2003; Gupta & Saikia 2006b ), 21-cm absorption is more likely to be detected in a radio galaxy than in a quasar, even if there are even odds between the two AGN types. We designate each object in our sample as either a quasar or a galaxy, using the classifications from Curran et al. (2008c) . To obtain these, optical imaging and spectroscopy from the literature were used to distinguish sources dominated by the nuclear source (the "quasars") from those dominated by the extended stellar light of the host galaxy (the "galaxies"), the latter being either weaker AGN or relatively obscured type-2 AGN.
From Table 4 , where we show the average UV luminosities for each class, we see that there is little difference in the luminosities between the detections and whole sample for the galaxies (as well as a 50% detection rate). However, the quasars in which 21-cm has been detected are generally an order of magnitude brighter than the galaxies, with the whole quasar sample being another order of magnitude brighter yet (with only a 17% detection rate). Again, over and above an underlying 50% due to orientation effects, this strongly suggests that it is the ultra-violet luminosity which is the key criterion in the detection of H i in these objects and that any detection bias against the quasars is due to their generally higher ultra-violet output.
Detection rates in compact objects
Until the 725-1200 MHz survey of Vermeulen et al. (2003) , there were few detections of associated 21-cm absorption at z ≥ 0.1. Of the Vermeulen et al. (2003) detections most (17 out of 19) are gigahertz peaked spectrum and compact steep spectrum sources, with the general consensus being that these exhibit higher 21-cm detection rates than other radio sources, due to their gas rich-host galaxies (Conway 1997 ; O'Dea 1998; Gupta et al. 2006 and references therein). CSSs and GPSs are believed to be intrinsically small ( < ∼ 10 and < ∼ 1 kpc, respectively) and may be the young precursors of the typically large radio sources, themselves evolving from compact symmetric objects (CSOs, Fanti et al. 1995) . Although the high occurrence of broad forbidden lines may suggest that these are primarily type-1 objects, in which the compact appearance is due to the radio lobes being directed along our sight-line, the diminished sizes are not believed to be due to projection effects (Fanti et al. 1990 ): Although there are radio lobes present, the jets may be embedded in a dusty interstellar medium so that the AGN is believed to be subject to significant extinction (e.g. Bellamy et al. 2003) , resulting in strong radio emission as the trapped jets interact with the rich, dense cocoon, in this early evolutionary stage. The possibility that CSSs and GPSs are compact type-1 objects, would be consistent with the 21-cm absorption being, on average, blue-shifted with respect to the optical redshift (Vermeulen et al. 2003, see Sect. 3.1.2) . Furthermore, the efficient coverage of the confined radio core could contribute to a high incidence of 21-cm absorption, which probably occurs in an outflow. However, of the 17 CSS/GPS detections of Vermeulen et al. (2003) only six are classified as type-1 objects, cf. nine type-2s (and two unclassified, Table 1 ), which again may suggest that these objects have random orientations, with the possibility of absorption arising in either an outflow or the disk.
If 21-cm absorption favours compact objects (and this was a more important effect than the UV luminosity), we may expect a very low number of CSSs/GPSs in the exclusively non-detected L UV > ∼ 10 23 W Hz −1 sample. However, three of the eight low redshift L UV > ∼ 10 23 W Hz −1 objects of Vermeulen et al. (2003) are classified as CSS/GPS, and so these are not immune to the 21-cm absorption being undetected at high UV luminosity. Being from the Parkes Quarter-Jansky Flat-spectrum Sample, the high redshift sources are, by definition, flat spectrum (with α > −0.5), although of these eight the radio SEDs for 1351-018 and 1535+004 are suggestive of 
GPSs or high frequency peaker galaxies (HFPs)
7 . For the remainder of the L UV > ∼ 10 23 W Hz −1 sample, however, being flat spectrum sources (de Waard et al. 1985; Jackson et al. 2002; Vermeulen et al. 2003 ) may also suggest that many of these are oriented end-on with respect to us, consistent with their type-1 status (Sect. 2.3).
Although the vast majority of the detections of Vermeulen et al. (2003) are CSS/GPS, 22 of the 38 nondetections are also classified as such (giving a CSS/GPS detection rate of 44%). Furthermore, Pihlström et al. (2003) and Gupta & Saikia (2006b) both find a ≈ 50% detection rate in their CSS/GPS samples, as well as the 33% rate from the (albeit small) HFP sample of Orienti et al. (2006) . Summarising this in Fig. 5 (top) , we find the overall detection rate to be 47%, cf. 30% for the "others", not classified as CSO/CSS/GPS/HFP, and 20% for those unclassified, thus indicating higher detection rates in compact objects.
This distribution, however, becomes more uniform (51% -compact, 43% -others & 40% -unclassified) between the classes when considering the L UV ≤ 10 23 W Hz −1 sources only (Fig. 5, bottom) . That is, the compact source detection rate may not be significantly higher than that of the others in the moderate UV luminosity sample and, again, it is the inclusion of L UV > ∼ 10 23 W 7 The turnover frequencies of > ∼ 5 GHz may suggest newly born radio sources (Dallacasa 2003) and from the anti-correlation between turnover frequency and the source size (Fanti et al. 1990; O'Dea & Baum 1997) , we also expect these to be extremely compact. For the GPS/HFP suspects of the L UV > ∼ 10 23 W Hz −1 targets of Curran et al. (2008c) , the Very Large Array's FIRST (Faint Images of the Radio Sky at Twenty Centimetres, White et al. 1997) survey gives deconvolved source sizes of < 0.99 ′′ × 0.39 ′′ for 1351-018 and < 1.18 ′′ × 0.76 ′′ at an observed frequency of 1.4 GHz. At redshifts of z = 3.707 and 3.497, these sizes correspond to < 7 × 3 kpc and < 9 × 6 kpc. respectively, where at a turnover frequency of ∼ 10 GHz, we may expect a source size of < ∼ 1 kpc (O'Dea & Baum 1997). Hz −1 sources which introduces a bias 8 . This possibility is supported by the average UV luminosities of the radio classes, which are appreciably lower for the compact objects (Table 5 ), which could be consistent with these being young sources in which the AGN activity (radio and ultra-violet) has yet to reach its full strength (Fig.  3 ). Therefore, it is possible that compact objects exhibit these higher 21-cm detection rates due mainly to their generally low UV luminosities, with the line strength in these being dominated by effect of the projection of the radio lobes on the covering factor (Sect. 2.2.2).
3. THE LOCATION OF THE ABSORBING GAS 3.1. H i 21-cm line kinematics 3.1.1. Absorption in the galactic disk For the moderate UV luminous sample, which are not expected to be dominated by elliptical hosts (Sect. 2.2.1), the 50% detection rate for both type-1 and type-2 objects at L UV < ∼ 10 23 W Hz −1 strongly suggests that the absorption does not occur in the obscuring torus associated with the AGN. The next logical candidate is therefore the large-scale galactic disk, where most of the gas would be expected to reside, as is seen in absorption studies of low redshift starburst and Seyfert galaxies. In particular, Gallimore et al. (1999) find that the 21-cm line strength is correlated with the galaxy inclination in z ≤ 0.04 Seyferts. Furthermore, although they suggest that the incidence of 21-cm absorption is broadly consistent with unified schemes of AGN, Morganti et al. (2001) acknowledge that it is likely that some absorption is also occuring beyond the sub-pc scale of the circumnuclear torus. Although we may expect the gas to be nearly coplanar on all scales (e.g. Curran et al. 2008a) , if the large-scale disk is the source of the absorption, the fact that both types of AGN have the same odds of exhibiting 21-cm absorption would suggest that the orientation of the large-scale disk with respect to the small-scale obscuring torus is random.
At redshifts of z ≥ 0.1, the disk orientations cannot generally be determined, although from lower redshift Seyfert studies we can show the inclination of the galaxy disk for various Seyfert types (Fig. 6) . From the figure we see the full range of possible offsets between the position angles of the radio jets and the position angle of the host galaxy (top panel). Were the obscuring torus and main galaxy disk coplanar, we would expect the points on the ordinate to be concentrated close to Fig. 6. -The difference in the position angles of the radio and dis axes (top) and the inclinations of the galaxies (bottom) hosting low redshift Seyferts. The triangles/hatched histogram represent the type-1 objects and the squares/unfilled histogram the type-2, with the colours of the symbols indicating the source reference (Keel 1980; Schmitt et al. 1997; Nagar & Wilson 1999; Curran 2000a ).
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• for both AGN types, but, as noted by Schmitt et al. (1997) ; Nagar & Wilson (1999) , the distribution tends to be quite random. Furthermore, if the torus is coplanar with the host disk, we would expect type-1 Seyferts to occupy galaxies of low inclination and type-2s in those of high inclination. However, from the vertical histogram (Fig. 6, bottom panel) it is apparent that neither Seyfert type has a preferred disk inclination, with both types exhibiting a mean inclination of 48
• (σ ≈ 16 • , from 83 exclusive 9 type-1 objects and 58 exclusive type-2s). Interestingly, although the large-scale disk exhibits a random orientation with respect to the circumnuclear torus, the sub-kpc molecular ring is generally aligned (the hollow symbols in Fig. 6 ): Although the numbers are much smaller, the mean inclination of the molecular ring in the six type-1 objects is < 28
• , cf. > 49
• for the ten type-2 objects (σ ≈ 19
• , with the limits being due to limits in the inclination estimates, Curran 2000a). A Kolmogorov-Smirnov test gives a < 6% probability that the inclinations of the type-1 and type-2 molecular rings are drawn from the same sample, in contrast to 38% for the galactic disk inclinations. This alignment between the molecular ring and torus may be expected, despite the random larger scale orientations, as these rings generally only reach ∼ 1/100th the extent of the atomic gas (Myers & Scoville 1987; Plante et al. 1991; Bergman et al. 1992; Irwin & Sofue 1992; Tacconi et al. 9 Sources common to more than one sample have only been counted once.
1994; Kohno et al. 1996; Curran et al. 1998; Israel et al. 1998) 10 and may be funneling the material to the smaller scale torus (see Curran 2000b and references therein) 11 .
Absorption due to outflows
Aside from the disk, as noted above, absorption may also be due to in-falling gas or outflows. That is, gas located along the polar axes, thus being located between us and the AGN in type-1 objects, rendering the gas detectable in absorption. Since this gas may exhibit a wider profile (FWHM) than gas tracing the rotation of the disk 12 , while having a larger offset from the systemic velocity of the galaxy (∆v), we may expect type-1 objects to be grouped separately from type-2s in a plot of FWHM versus ∆v, at least in terms of the abscissa.
Showing this in Fig. 7 , we see no clear distinction between the AGN types in either axis. For the FWHM, the type-1 absorbers do exhibit slightly wider profiles, which would suggest that the outflows are subject to large ve-10 Although the molecular gas beyond the ring can be seen to extend much farther (e.g. Young & Scoville 1991; Curran et al. 2008a) .
11 http://nedwww.ipac.caltech.edu/level5/Curran/frames.html 12 For example, presuming the systemic velocities are sufficiently accurate to determine these large blue-shifted offsets, outflows with widths of > ∼ 1000 km s −1 are seen in some low redshift radio galaxies (Morganti et al. 2005b , in addition to the broad components observed by Morganti et al. (2003 Morganti et al. ( , 2005a , in which the blue-shifts from the peak absorption component are strongly suggestive of outflows. -The profile width versus the offset from the systemic velocity for the 21-cm detections at z ≥ 0.1. The triangles/hatched histogram represent the type-1 AGN and the squares/unfilled histogram the type-2. + signifies that there is no AGN classification available. We have plotted each individually resolved absorption component and flagged the primary (filled symbols) and secondary (unfilled) absorption lines, where the primary is the line with the largest optical depth and the secondaries are the remaining shallower lines (see Vermeulen et al. 2003) . For the sake of clarity, the plot has been truncated to |∆v| ≤ 500 km s −1 , although there are five cases with ∆v < −500 km s −1 : 1413+135 at −705 km s −1 , J1815+6127 at −1258 km s −1 , J1821+3942 at −869 km s −1 (primary lines), as well as the −742 km s −1 secondary line in the latter object. All of these lines arise in type-1 objects, with the one type-2 being in J1944+5448 with −1420 km s −1 (primary line). On the redshifted end there are just three cases at v > 500 km s −1 -the two unclassified AGN J0431+2037 at +636 km s −1 and 0902+343 at +970 km s −1 , as well as the type-1 object 1549-79 at +665 km s −1 .
locity differentials, as has been seen in several low redshift cases (e.g. Morganti et al. 2003 Morganti et al. , 2005a Morganti et al. ,b, 2007 . If absorption were occuring in the circumnuclear torus, we may also expect very wide profiles for the type-2 AGN, possibly much wider than those of the galactic disk itself 13 . As it is, we can make no distinction between the FWHM of the type-1 and type-2 objects and unlike in emission, the absorption profile widths will ultimately be subject to the covering factor and the size of the continuum source, making any distinction between disk and outflow absorption difficult.
Again, for the velocity offsets there is no real difference between the two AGN types and both exhibit a slight bias towards blue-shifted absorption 14 . Although uncertainties of ∼ 10 2 km s −1 due to the optical emission lines in ∆v are to be expected, many studies show a tendency for the absorption to be blue-shifted with respect to the systemic velocity Morganti et al. 2003 Morganti et al. , 2005a Morganti et al. ,b, 2007 . If these offsets are artifacts of poorly constrained optical redshifts, we would expect similar numbers of red-shifted components and, as stated previously, in low redshift radio galaxies wide blue-shifted tails are seen in the profiles, where the main feature is close to the systemic velocity (Morganti et al. , 2005a .
13 For example, in the type-2 Seyfert NGC 4258, the subparsec disk is found to have a rotation speed of 900 km s −1 (Haschick et al. 1996) and in the Circinus galaxy, also a type-2 Seyfert, the H 2 O masers also trace a disk which rotates much more rapidly than the galactic disk (Greenhill et al. 2003 , cf. Curran et al. 2008a ).
14 This is most obvious for the type-2s in Fig. 7 , but as stated in the caption, there are also four (three primary and one secondary) type-1 absorbers with ∆v < −500 km s −1 .
Since many of the 21-cm detections at z ≥ 0.1 are from Vermeulen et al. (2003) [ Table 1 ], it is not surprising that we also see this skew towards blue-shifted absorption (Fig. 7) . Therefore in Table 6 , where we show the average offsets for the AGN classes, we also show the contribution from the remainder of the literature.
As seen from the table, although the standard deviations are large, the additional results confirm that on average the absorption is blue-shifted, which could indicate outflows or some other non-symmetric mechanism as the origin. The statistics also confirm the larger spread in the velocity offsets of the type-1 AGN, which is not wholly evident from Fig. 7 , due to the three (primary) type-1 absorbers offset at ∆v < −500 km s −1 . If it were just these three at the blue-shift extremes, we could at least state that some type-1s show more of a bias for absorption in rapidly outflowing gas, although there is the type-2 case (J1944+5448) with ∆v = −1420 km s −1 . This, however, could be the consequence of a poorly constrained optical redshift, or a rapid outflow of gas located well clear of the jet axis, as well as the possibility that this is unassociated gas. 23 W Hz −1 ), we have found no difference in the incidence of 21-cm absorption between the two AGN types, which are also indistinguishable through the absorption line profiles of the detections. In order to determine whether there is a difference in the extinction of the quasar light, in Fig. 8 we show the V − R and R − K colours (where available) for the published z ≥ 0.1 searches as classified by AGN type, where, apart Fig. 1 , the filled symbols represent the 21-cm detections and the unfilled symbols the non-detections, with the triangles representing type-1 objects and squares type-2s (+ and x designating a non-specific AGN type for a detection and nondetection, respectively).
between the two types
15 . This suggests that the circumnuclear torus does not introduce a measurable degree of optical extinction, although contamination from the host galaxy starlight could lessen any apparent reddening.
In order to further examine the reddening, after correcting for the unavailable V magnitudes (see Fig. 9 ), in Fig. 10 we show the 21-cm line strengths and limits against the optical-near-infrared colour of the source. From the statistics (Table 7) , aside from the incidence of the mix of detections and non-detections (as shown 15 The outlier with the high extinction in the direction of the reddening vector is the extremely red quasar J0414+0534 (see Figs. 9 and 10 ).
by n)
16 , the only significant difference between the AGN types are the V − K colours for the non-detections: Although the type-1 detections are slightly redder than the type-2 (V − K ≈ 4.8 cf. 4.4), the type-1 non-detections could be considerably less red than those of the type2s (V − K = 2.6, cf. 4.3). Naturally, this will be skewed by the inclusion of the L UV > ∼ 10 23 W Hz −1 sources (Sect. 2.1.1) and omitting these raises this to V − K = 3.6 (the "exc. UV lum." row), which, considering the 1σ spreads, is indistinguishable from the type-2 values. Note finally, that a mean line strength of log 10 (N HI .f /T s ) ∼ 18.5 is exhibited for the detections of both AGN types. On this issue, over the whole sample we find a correlation between the 21-cm line strength and the V − K colour, significant at 3.63σ, Table 7) 17 . This may suggest that the reddening is due to dust associated with the intervening neutral gas, rather than intrinsic to the AGN spectrum (Webster et al. 1995; Stickel et al. 1996 ; although see Francis et al. 2000; Whiting et al. 2001 ). Circumstantial evidence for this association was previously presented by Carilli et al. (1998) , although we show, for the first time, a correlation between the line strength and colour. However, in light of our other findings, we know that the high UV luminous sources have low 21-cm line strengths, and these being located at the blue end of Fig. 10 18 must drive much of the correlation. Furthermore, the overall correlation is quite fragile with the significance dropping quickly with the sample size (Table 7). This could be a reflection of the heterogeneous nature of the sample 19 , some of which will also be subject to contamination from starlight, although we have previously found that the molecular, rather than atomic, gas content appears to dominate the degree of reddening ).
CONCLUSIONS AND INTERPRETATION
4.1. Ultra-violet luminosities In a previous paper (Curran et al. 2008c) we found that the ultra-violet luminosity plays more of a rôle than the AGN type in the detection of 21-cm absorption in z ≥ 0.1 radio galaxies and quasars. Specifically, to date, 21-cm absorption has never been detected in a host galaxy when L UV > ∼ 10 23 W Hz −1 . Although these high 16 The numbers give the impression that 21-cm absorption is more likely to arise in type-2 objects (cf. Fig. 1 ). However these are subject to the available magnitudes and many of the K magnitudes are unavailable for the non-detections (Table 2) .
17 The upper limits in the 21-cm line strengths (final column) are incorporated via the asurv package.
18 All but two of the L UV < ∼ 10 23 W Hz −1 sources have V −K < 3.5.
19 And is thus not apparent in Fig. 8 . (Tables 6 & 7 of Curran et al. 2008c) , we have estimated these according to the fits derived in Fig. 9 . The statistics are summarised in Table 7 . The outlier at V − K = 10.26 is due to J0414+0534, which has an intervening gravitational lens, which may be responsible for some of the extreme reddening (see Curran et al. 2007 and references therein).
UV luminosities occur exclusively in type-1 objects, for the moderately UV luminous (L UV < ∼ 10 23 W Hz −1 ) sample there is a 50% probability of detection in either AGN type, with any apparent bias against type-1 objects being caused by the 17 high UV luminosity objects. Expanding upon these results, in this paper we show:
1. That the bias against 21-cm absorption in quasars, compared to radio galaxies, also appears to be due to UV luminosity effects: For the radio galaxies, the 21-cm detections and non-detections both arise in objects with a mean L UV ≈ 2 × 10 20 W Hz W Hz −1 are due to the fact that highly luminous sources are believed to trace the (neutral) gas-poor elliptical galaxies. However only two of the 17 L UV > ∼ 10 23 W Hz −1 sources are known to be located in ellipticals (although all of them could be), whereas all are known to have high ultra-violet luminosities. Therefore it is not clear whether the lack of 21-cm absorption is due to a low abundance of neutral galaxy in the host or excitation effects caused by the high luminosities, or indeed how these two scenarios may be related.
3. With the exclusion of the L UV > ∼
10
23 W Hz −1 sources, the skew towards the detection of 21-cm absorption in compact objects (CSO/CSS/GPS/HFP) becomes much less significant. Again, this indicates a bias introduced by the high UV luminosity sample and perhaps suggests that it is more meaningful to discuss the 21-cm absorption incidence in terms of the rest frame ultra-violet luminosities rather than by AGN type or radio SED classifications.
Detection rates at moderate UV luminosities
Regarding the L UV < ∼ 10 23 W Hz −1 sources, in addition to both AGN types having a 50% detection rate, there is no evidence for the expected larger degree of reddening in the type-2 objects, which would be caused by the presence of a dusty obscuration. We do find, however, that the optical-near-infrared colour appears to be correlated with the 21-cm absorption line strength over the whole sample. These points would therefore appear to contradict the notion that the 21-cm optical depth in the hosts of high redshift galaxies and quasars is determined by the orientation of the central obscuring torus. Although, like the literature, we find a higher incidence of 21-cm absorption in galaxies than in quasars, unlike the literature, we believe this to be a consequence of their lower ultra-violet luminosities, rather than their AGN classification 20 . Furthermore, the fact that the reddening is also independent of AGN type, suggests that this is also unrelated to the torus and the correlation between the reddening and the absorption line strength suggests that the bulk H i and dust share a similar (non-nuclear) distribution.
This could explain why only a fraction of H i absorbing AGN are detection in H 2 O-maser emission (Taylor et al. 2002) : H 2 O-masers are believed to arise close to the black hole in the central obscuration (Haschick et al. 1996) and thus trace type-2 objects. Therefore, if H i absorption also arose in the torus, one would expect a high detection rate of H 2 O-masers in AGN detected in H i absorption. However, Taylor et al. (2002) find H i and H 2 O common to only 8 out of 19 objects searched and this 42% rate is very close to the overall H i detection rate in AGN (see Curran et al. 2008c ). This therefore suggests that the lines-of-sight through the masing disk and the H i absorbing clouds are randomly oriented with respect to one another.
In the moderate UV luminous sample, not dominated by elliptical hosts, we therefore argue that the absorption may be occuring in the main galactic disk which must be randomly oriented with respect to the torus. In attempting to verify this: 1. We find no real difference in the full-width half maxima of the 21-cm absorption profiles between the two AGN types. This may suggest that these are subject to geometric effects (covering factors and radio source sizes) and thus cannot give the full kinematical picture. Although, again, absorption due to a randomly oriented disk could account for this.
2. We also find no discernible difference in the offset of the centroid of the absorption and the systemic velocity of the host between the two AGN types. Although through a sample nearly double in size, we can confirm the findings of Vermeulen et al. (2003) , that on average the offsets are blue-shifted. That is, there may be evidence for outflowing gas, although, again, we see no distinction between the two AGN types.
If the galactic disk were aligned with the obscuring torus, the 50% detection rate for both AGN types suggests that absorption must occur in both galactic disks and outflows: The outflowing gas is expected to be directed along the radio jets (e.g. Begelman et al. 1984; Schulz 1988; Colbert et al. 1996 Colbert et al. , 1998 , which are coincident with the axis of the torus, thus giving rise to the absorption in the type-1 objects. The fact that we cannot discriminate between the disk and outflow absorption would suggest rapid, wide outflows of cold neutral gas, perhaps enveloping the wide ionisation cones observed in low redshift AGN (see table 1 .2 of Curran 2000b) 11 . A 90
• wide outflow of cool neutral gas expanding at ≈ 200 km s −1 , in which the molecular gas mass rivals that in the disk (M H2 ∼ 10 9 M ⊙ ), is known of in the Circinus galaxy (Curran et al. 1999) , the proximate type-2 Seyfert (see also Morganti et al. 2003 Morganti et al. , 2005a for further examples).
However, it would therefore remain a mystery as to why only 50% of each AGN type (of L UV < ∼ 10 23 W Hz −1 ) are detected in 21-cm absorption, although the bulk absorption occuring in the galactic disk, which is randomly oriented with respect to the obscuring torus, could account for this.
